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Experiments investigating the cause of the decrease in cardiac output

after endotoxin have demonstrated a decrease in venous return in' both the

canine and primate species (9,11-13,27). It appears therefore that systemic

I hypotension in endotoxin.shock is in large par't precipitated by peripheral

--rather than direct cardiac mechanisms.

Although it is generally agreed that the heart will ultimately fail J

in shock, its possible contributory role in the development of irreversi-

bility is in serious question.- It is postulated by-some-that heart failure

is seen only late in shock subsequent to prolonged inadeouate coronary

. perfusion (2). However, others have developed a "cardiac theory" which i.

assumes that .irreversible shock is due to a sustained depressed cardiacI I

output of a dysfunctioning heart, failing as a relatively early event (14,

25). A cardiac-toxic theory has also been suggested in which a myocardial

depressant factor is postulated to directly decrease cardiac performance
" " f (1s- 17) .- '"

The objective of the present study is to investigate the role of the

I heart in endotoxin shock, to determine if it is directly damaged by endo-

- toxin or fails as a result of deleteriou.s.heriodynamic or respiratory alter-

ations set into motion by the shock state.

----- - .. -- Experiments designed to distinQuishbetveen direct-andindir-ectcard-iac____

factors, have been carried out and results exclude a direct cardiotoxic

action of endotoxin; deno0nstrate a strong resistance of the myocardium in

I endotoxin shock; and surgest that myocardial faiilure may occur only after

extensively prolonqed systemic hypotension.I

I ' .
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METHODS

Experiments were carried out on adult mongrel dogs intravenously

anesthetized with sodium pentobarbital, 30 mg/kg. The basic procedure

was to support an isolated left ventricle by blood exchanged with a
..... :heparinized support animal. The donor heart dog was anesthetized, and

the chest opened by median sternotomy after the animal was placed on a

constant volume respirator. The azygous vein and subclavian artery were

ligated and divided. Ligatures were loosely placed around the thoracic

I aorta distal to the subclavian artery, the brachiocephalic artery, and

superior and inferior vena cavae. The pericardial sac was opened along

ts ventral surface and the animal was heparinized (3-5 mm/kg). The vagi

1were then cut in the neck and the brachiocephalic artery was cannulated
with a tygon tube elevated to a height of 100-125 cm above the heart level.

I The superior vena cava was cannulated with a blood filled plastic tube led

through a roller-type blood pump prepared to draw blood from the aorta of

the support dog. To transfer the donor heart to the external perfusion

Isystem without interruption of coronary flo:, the brachiocephalic outflow
from the heart was opened, allowing blood to fill the tubing against a

hydrostatic pressure in order to provide adequate coronary perfusion. The

[ aorta of the isolated heart was then tied distal to the origin of the

brachiocephalic artery, the superior vena caval inflow from the pump was

I conenced'at about 120 cc/minute, and the inferior vena cava ws immediately

ligated. Blood from the aortic outflow of the isolated heart w'as collected

in a plastic reservoir (Figure 1) arid returned to the dbq, perfusinq the

heart at a flow ratn ecual to the superior vena caval inflow. The heart
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I and lungs were then removed from the chest and supported by the trachea in

the external system with adequate coronary pressure and flow constantly

, j provided. The lungs of the isolated heart were not ventilated, and the

I support animal was respiring spontaneously.

-A strain gauge arch was sutured under stretch to the lateral wall of

-rthe left ventricle for measurement of myocardial contractile force (3).

Left ventricular pressure was measured simultaneously for end diastolic

press'ure (0-40 mm Hg), and systolic pressure (0-200 mm Hg) by means of

separate Statham pressure transducers attached by a "Y"-connector to a

plastic cannula inserted through a purse-string suture in the apex of

the left ventricle.

1 The right heart was then bypassed after first placing a. saline filled

'. . plastic tube into the right ventricle via the atrium, and then cannulating

the pulmonary artery from a"T'-connsctor previously secured to the superior

vena caval inlo , tubing. The cannulation of the pulmonary. artery required

only a few seconds durinn which time the coronary vessels were retrograde-

J perfused with blood by hydrostatic pressure from the aortic outflow tubing.

Coronary venous blood was collected from the right ventricular drain into

a plastic reservoir and returned together with brachiocephalic outflow to

the support dog via a second pump. Cardiac output was taker, as the sum of _

___-__-aortic outflow an coonr flow,---------- -.d with a cylinder and stop

watch (Figure 1). Temperature of coronary venous blood was monitored with

a temperature probe. Aortic pressure, left ventricular pressures, cardiac

contractility of the isolated heart, and systemic pressure of the support

dog were monitored continuously on a Sanborn recorder. The first derivative

of the left ventricular pressure, dP/dTmax , was also continuously recorded

by means of a resistance-capacilance differentiating netuork. Mean aortic
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pressure and cardiac output were increased steadily in the isolated heart

I preparation by adjustment of a screw clamp on the aortic outflow and eleva-

tion of pump speed supplying the pulmonary artery. Coronary arterial and

venous Po2 , Pco2, and pH were followved by utilizing an Instrumentation

Laboratories blood gas analyzer calibrated prior to each determination with

knot.'n gas mixtures. Oxygen content of coronary arterial and venous blood

was nipasured by a Van Slyke manometric blood gas analyzer. Simultaneously

obtained coronary blood flow measurements permitted the calculation of

oxygen uptake and carbon dioxide production from the product of coronary

I flow and A-V oxygen or carbon dioxide differences.

I During the equilibration period of the isolated heart preparation, aortic

pressure was stabilized at an average of 118 mm Hq with a cardiac output of

f 76 cc/min/kg body weight (based on the weight of the heart donor dog).

These pressure and flow values supported and maintained left ventricular

systolic and diastolic pressure, coronary blood flovi, and myocardial

oxygen uptake in the physiological range, and were maintained during the

thirty-minute control period in all experiments. At the end of the control

f period, an LD90 of 1. coli endotoxin, 1.2 mg/k (Difco, Detroit), was in-

jected both intravenously into the support dog and into the pulmonary artery

I . of the isolated heart. The mean coronary arterial pressure Of the isolated

heart was adjusted to that of the mean systemic pressure of the.support

animal by changing pulmonary blood flot: rate with the blood pump. At 200

1minutes post-endotoxin, coronary pressure and cardiac output were returned
to pre-endotoxin values and cardiac performance, metabolic and hemodynamic

parameters .ere evaluated. In addition, coronary pressure and cardiac outrut

in all experiavntal &nd control studies %%,ere equalized at 60 and 180 minutes

after 2zero tiire.
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The control experiments, (N = 6) not given endotoxin, were conducted in

I order that mean coronary pressures and mean cardiac outputs of the isolated

hearts were matched to those of the previous experimental group (N= 7) by

pump adjustment at precisely the same times up'to a terminal point of 200

1minutes after zero time.
Stroke wiork in gram.meters was calculated from the formula used by

I other$ (19):

.. -. .- (MAP - LVEOP) (SV) (1.36)/100 .

where MAP = mean aortic pressure (nm Hg); LVEDP = left ventricular end dias-; I 
"

I tolic pressure (mm Hg) and SV = stroke volume in cc, determined by dividing

I cardiac output by heart rate. The acceleration componentof left ventricu-

lar stroke work was disregarded in the calculations on the basis that it

J represents less than 1 per cent of total stroke work (20). Cardiac power

was calculated and expressed as work per second. The maximum change in

pressure (dP/dTmax) occurring during isometric contraction of the left

ventricle (10,19) was continuously recorded and expressed as the first

derivative of the pressure rise. Calibration of the dP/dT recording was

carried out by analysis of the slope of a line drawn tangentially to the

steepest portion of the left ventricular isovolumetric tracing and ex-

-= = ....... pressed as -mm -ig/sec- (5).- --- --- - -- - - -

Coronary blood flow averaged 160 cc/min/TOO gms left ventricle at

zero time (range 99-290) in 13 experiments. m

Oxygen uptake was assumed to be negligible in atria and right ventricle

(bypassed) as was reported by others (21) and averaged 11 cc/min/lO0 gms

left ventricle at zero time (range 7-16 cc/min) in 13 experiments.
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RESULTS

Figure 2 illustrate3 mean values for aortic pressure, cardiac output and

blood temperature in control and endotoxin isolated working heart preparations.

I Mean aortic pressure changes in the endotoxin-series reflect alterations in mean

systemic pressure of the support dog, except at the 200 and 180 minute readings

when pressures were matched to zero time and 60 minute values respectively, by

I pump adjustment.. Thus, two sets of matching points were achieved, one at the

hypotensivw value, and the last at the normotensive pressure level and cardiac

I output was similarly adjusted at the same time intervals. The mean values +

5 SE of the experimental group for blood temperature (Tb), cardiac output (CO)

and aortic pressure (MAP) at 0 and 200 minutes respectively are as follows:

Tb = 38.50 + 0.54, 38.70 + 0.37; CO = 482.7 + 28.8, 481.6 + 28.9; and MAP

118.4 + 4.2, 117.3 + 3.9. These parameters were controlled because of their

direct influence on performance, metabolic and hemodynamic characteristics of

the myocardium (4, 21) and in order that the effects of endotoxin on the heart

could be clearly discernable. In addition, control experiments were carried

out after the completion of the endotoxin studies, with pressures and flows

similarly matched by pump adjustment as in the experimental group. Pesults

show no significant differences in values betw:een the two series in all

measured parameters at all recorded time periods.

With the foregoing protocol carefully executed,'another set of parameters

I dealing with performance, metabolism and hemodynamics were meatured or calcu-

lated and these are illustrated in the remaining figures.

Figure 3 characterizes the typical findings obtained in an isolated heart

I preparation treated with an LDO0 of endotoxin. Only values durinq the matching

periods, when pressures and flo.is were rigidly controlled, are sho.n in the

Ifigure. Recsults showi that the heart perforis normally both metabolically and
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in regard to energy output at times of comparable aortic pressure and cardiac

outputs after endotoxin administrat'on. Findings at 180 minutes clearly re-

semble those at 60 minutes, while those at 200 minutes are very similar to

- those at -30 minutes and zero time. Thus, endotoxin is seen to have no

adverse effects on myocardial performance characteristics ircluding left

.ventricular contractile force, dP/d and power (wurk/sec) and no dele-

- * terious action ias seen in the metabolic parameters of oxygen uptake and

-. carbon dioxide production. Relationships between after-load (mean aortic

pressure) and pre-load (left ventricular end diastolic pressure [LVEDP])

i| remained clearly similar during the control and post-endotoxin periods.

Results strikingly demonstrate the notable effects of aortic pressure and A

cardiac output on contractility, dP/dT, coronary flow, LVEDP, power, and

I 02 uptake and CO2 production.

These results emphasize the importance of controlling pressure and flow

in the isolated heart preparation in order to assay the effects of endotoxin.

In order to compare the response of the heart exclusively to changes in aortic

pressure and cardiac output in the absence of endotoxin, a second series of

3 control experiments was carried out.. Typical results from such an experiment

are shov.n in Figure 4, and no significant differences in the response of any

4 I1. parameter from those of the endotoxin group are discernable from the various4, -~~~~ measurements and calculations of performance-and mtblccaatr~is

Figure sunmarizes mean results from control and endotoxin shock experi -

- ments. Particular evaluation of data was made at two time periods, 180 and

values at 60 minutes and zero time, respectively. The mean values + SE of

the experimental group for dP/dTmax, stroke work (SW), heart rate (HR),

7
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I power (P) and LVEDP at 0 and 200 minutes respectively are as follows:

I dP/dTax 2473 + 173.00, 2658 + 379.36; SW = 5.91 + 0.37, 4.89 + 0.34;

HR = 127.1 + 4.7, 146.4 + 4.5; P = 12.41 + 0.65, 11.90 + 0.74; and LVEDP

3.96 + 1.20, 7.86 + 4.03. It is seen that all parameters show similar

changes regardless of the presence or absence of endotoxin. Findinqs

7 clearly illustrate that the decreases of the various performance charac-

rI teristics of the heart including dP/dT, stroke work and power, at 60 and

180 minutes (p < 0.01) are due to lowered aortic pressure and cardiac out-

I put, rathcr than endotoxin directly. When aortic pressure and flow are

elevated to control values at 200 minutes (Figure 2), these performance1
characteristics return to the normal values observed at zero time. Mean

ILVEDP, though decreasing (p < 0.05) in the control at 60 minutes is insig-

nificantly changed at 180 Ininutes. LVEDP is insignificantly decreased at

j60 and 180 minutes in the endotoxin group and insignificantly elevated at

200 minutes when pressure and flow are restored in both the control and

endotoxin series. The observed mean increase -n LVEDP in both groups at

200 minutes was due to the fact that each group contained one experiment in

which LVEDP was elevated above ?0 mm Hg.

I Figure 6 demonstrate the effects of endotoxin on coronary blood flew,

coronary vascular resistalie, oxygen uptake and carbon dioxide production.

Coronary flow changes ins 'nificantly (p > 0.05) in all experiments up to

180 minutes while coronary vascular resistance falls during the total post-

endotoxin period in the experimental group (p < 0.05). Notable findings

were the large increases in coronary flows occurring in both groups at 200

minutes greatly exceeding those durinq the control periods (p < 0.05).

Both mean oxygen uptake and carbon dioxide production returned to control

values at tenination of all !tudies. The significant reduction of 02

I
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uptake and CO2 production (p <_ 0.05) at 180 minutes is seen in both the

g control and endotoxin series. Mean RQ values from -30 to +200 minutes in

endotoxin studies are 0.83, 0.90, 0.99, 0.88, 0.91 and in control experimen

-1 are 0.83, 0.76, 0.91, 0.86, 0.91. There were no significant changes in the'
qq

RQ values'.

Tables la and lb summarize mean oxygen and carbon dioxide pressures,

j contents, and pH changes in coronary arterial and venous blood observed in

both endotoxin and control experiments. It is noted that the endotoxin seri

showed significant acidosis by 200 minutes (p :_ 0.05) while pH was seen to

remain relatively constant in the control group. Coronary venous oxygen

content was not elevated at termination of the endotoxin experiments al-

though increases were seen in the control series. Results demonstrate a

lower mean coronary venous oxygen content at the same mean Po2 in the endo-

toxin treated heart in comparison to the control group at 200 minutes.

_ I

77'J
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I | DISCUSSION

I The primary purpose of the present study was to determine possible

direct toxic effects of endotoxin on canine myocardial tissue. To this end,

two kinds of experimental controls were devised and executed: (a) cardiac

performance and metabolism were assayed after the end of a three hour period

of hypotenslon by requiring the heart to work at the precise pre-shock levels

of cardiac output and aortic pressure; and (b) the degree of hypotension and

depressed cardiac output in the isolated heart preparation in shock studies

I was mimicked by pump adjustment in the absence of endotoxin. In addition,

the heart was also evaluated at 180 minutes at cardiac output and aortic

pressure values obtained at 60 minutes.

I Three hours of systemic hypotension and depressed cardiac output

followed by restoration of pressure and flow to control values by pump ad-

justnment, revealed statistically insignificant differences in results be-

tween the endotoxin or control groups in which endotoxin was not administered.

Myocardial contractility, cardiac power (work/sec.), dP/dT, 02 uptake and CO2

production at 200 minutes post-endotoxin were statistically unaltered from

control pre-endotoxin values. These observations appear to preclude any
~I

significant direct toxic action of endotoxin on myocardial performance and .

metabolism. Although findings reveal a strong resistance of the myocardium

to endotoxin, the effects of prolonged systemic hypotension may ultimately

impair cardiac function. In sinqle heart experiments in both the endotoxin

and control series, LVEDP rose above control values at 200 minutes upon

restoration of aortic pressure and cardiac output.

The studies shcw that the h-art treated with endotoxin exhibits marked

changes in hemodynaeics which appear to assure its high level of performance

and metabolism: coronary flow markedly increases %.hen the heart is required

to work at the pre-shock level and the coronary venous oxygen content remains

10



at a normally low value, and oxygen uptake is adequately achieved even when

pH has fallen to significantly depressed values. Thus, increased blood flow,

achieved by marked coronary vasodilatation coupled with an adequate extraction.'

of oxygen from capillary blood, and the ability of the heart to achieve normal"

oxidative metabolism in an acid medium provides the necessary essential re-

quirements permitting the heart to operate at normal 1-vels of performance.--,

Results from the present study show that dP/dT, cardiac power and aortic

pressure are directly related to oxygen uptake of the myocardium. These

results are in agreement with the view that heart failure is probably only

seen late in shock subsequent to prolonged inadequate coronary perfusion (2).

No evidence was obtained to support recent observations in hemorrhagic and

endotoxin shock, that a myocardial depressant factor is released 
which directli

Lecreases cardiac performance (15-17). Results from the present study fail to

eveal a single instance of endotoxin toxicity on myocardial work performance

•r oxidative metabolism. These observations support the conclusions of some

I nvestigators (2,5,18,27) but are in disagreement with others (14,23,24-26).

:,he postulation that primary heart failure is an early event in shock (1,6-8),

nd initiates the irreversible state, is not supported by the findings of the

I resent investigation.

The problem of the precise role of the heart in the development of irrever

Sible endotoxin shock is complicated by events occurring in the periphery
which most assuredly adversely influence cardiac output (9,11-13,22,27), causin

Its decrease on the basis of diminished venous return due to peripheral pooling

c f blood. In addition, the resultant prolonged systemic hypotension may assure

the precipitation of a vicious cycle by virtue of the adverse effects of

diminished coronary perfitsion pressure and flow on myocardial integrity. Care-

ful future. consideration of adverse indirect hemodynamic or respiratory effects

I1



on the myocardium is sug~gested fromi data in the present study in order to

) assay more clearly the role of the heart in septic shock (24,26).

11



J REFERENCES

1. Albert, H. M., B. A. Glass, and R. L. Carter. The role of the heart

I in shock: Exsanguination studies. Ann. Surq. 34: 48-52, 1968.

1 2. Alican, F., M. L. Dalton, and J. D. Hardy. Experimental endotoxin

_..___. shock:. Circulatory changes with emphasis -upon-cardiac function.

I Am. J. Sury. 103: 702-703, 1962.

I 3. Boniface, K.'J., 0. J. Brodie, and R. P. Walton. Resistance strain

* __gauge arches for direct measurement of heart-contractile force-in

animals. Proc. Soc. Exptl. Biol. Med. 84: 263-26G, 1953.

4. Braunwald, E., S. J. Sarnoff, R. B. Case, VI. N. Stainsby, and G. H.

Welch, Jr. lleiodynamic determinants of coronary flow: effect of

I . changcs in aortic pressure and cardiac output on the relationship

between myocardial oxygen consumption and coronary flow. &i. J.
Ph Iol. 192: 157-163, 1958.

5. Bugg-Asperheim, B., and J. Kjckshus. Left ventricular pressure and

I maximum rate of pressure rise as cdeterrimnants of myocardial oxygen

congumption during hcmorrha ic hypotension in dogs. Acta Physiol.

Scand. 78: 171-183, 1970.

1 6. Crowell, J. W., and A. C.Gu .on. Evidence favoring a cardiac

mechanism in hcnorrhagic shi !k. Am. J. Phsi_ol. 201: 893-896, 1961.

71- 7. Crowell, J. 14., and A. C. ct yton. Further evidence favoring a card;ac

mechanism in irreversible hemorrhagic shock. Am. J. Physiol . 203:

248-252, 1962.

... 8. Crow'e1l, J. Oxygen trai.sport in the hypotensive state. Fed. Proc.

29: 1848-1853, 1970.

9. Gilbert, R. P. lechanisms of the hcmodynamic effects of endotoxin.

,hsil. Rev.. 40: 245-27S, 1960.
! 13

ii !



1 10. Gleason, W'!. L., and F. lraunviald. Stu!ies on the first detivativc

j of the ventricular pressure pulse in nan.' J. Clin. Invest. 41: 80-

91, 1962.

11. Ifinshavr, 1. Dl. R. P. Gilbert, HI. N~ida, an'd 1.1. B. Visscher. Periph-

eral resistance changes and blood pooling after endotoxin in eviscer-

ated dogs. in. J. Pht s io. 195: 631-63., 1958.

12. Hinshaw, L. B., T. E. Emerson, Jr., and D. A. Reins. Cardiovascular

responses of the primate in endotoxin shock. m.'J. Physiol. 210:

I. 335-340, 1966.

13. h.insha.,w, L. P., L. L. Shanbour, L. J. Greenfield, and J. J. Coalson.

tlechanism of decreased venous return in suLIur.n primate administered

jendotoxin. Arch. Sura. 100: 600-006, 1970.

14. Kadowitz, P. J., and A. C. Yard. Circulatory effects of hydrocorti-

Isone and protection against endctoxin shock: in cats. Euop. J. Phzn.

I 9: 311-318, 1970.

15. Lefer, A. M., P. Cowiqill, F. F. Marshall, L. I,'. Hfall, and E. D. Brand.

I Characterization of a myocardial clepressant factor present in heri!or-.

rhagic shock. fn. J. Physiol. 213: 492-498, 1967.

I 16. Lefer, A. I., and M!. J. Rovetto. Influence of a iiyoc~rdial depressant

factor on physiologic properties of cardiac muscle. Proc. Soc. Exptl.

Biol. Med. 134: 269-273, 1970.

1 17. Lefer, A. 14. Role of a myocardial depressant factor in the pathogenesis

of circulatcry shock. Fed. Proc. 29: 1836-1847, 1970.

18. Londc, S. P., II. ..assie, 1!. Vt. I onafo, Jr., and N!. P. Pernard.

.'esistance of the isolated ct.nine heart to endotoxin. Sur. 61: 466-

470, 1967.

I



I :

1 19. Ross, J., Jr., E. H. Sonnenblock, G. A. Kaiser, P. L. Frormier, and

E. Braunt.wald. Electroaurt;entation of ventricular performance and

I oxygen consumption by repetitive application of paired electrical

stimuli. Circ. Rps. 16: 332-342, 1965.

20. Sarnoff, S. J., and E. Berglund. Ventricular function. I. Starling's

I Law of the Ifeart studied by means of simultaneous right and left

ventricular function curves in the dog. Circulation. 9: 706-718,

"~~~~~~~-1954 . ... .. .. ... . ..

21. Sarnoff, S. J., E. Braunwald, G. H. Welch, Jr., R. B. Case, W. N.

Stainsby, and R. Macruz. Hemodynamic determinants of oxygen con-

I sumption of the heart with $pecial reference to the tension-time

index. Am. J. Physiol. 192: 148-156, 1958.

22. Selkurt, r. E. Status of investigative aspc.ts of hemorrhagic shock.

I Fed. Proc. 29: 1832-1835, 1970.

23. Siegel, 11. W., and S. E. Dow;ning. Reduction of left ventricular

contractility during acut' herorrhagic shock. Am. J. Phys-iol. 218:

772-779, 1970.

24. Siegel, J. II., M. Greenspan, and L. R. DOl Gu-rcio.' Abnormal vascular

I tone, defective oxygen transport and myocardial failure in human

septic shock. Ann. Surcq. 165: 501--517, 1967.

-. 25 .. Sol'is, R.-T.,- and S.-E. Downing. Effects of E. coli endotoxemia on

. ventricular perfornance. Am. 3. Physiol. 211: 307-313, 1966.

26. Thal, A., and It. Bell. The peculiar hcmodynamics of septic shock.

Post Crad. Ited. 48: 106-114, 1970.

27. I-eil, M. It., L. D. MacLean, M. B. Visschcr, and W. W. Spink. Studies
on the circ:ulatory chanes in the c(og ptoducc'd b, endotoxin from grar,-

negative wicroorganishis. J. Clin. Invcst. 35: 1191-1198, 1956.

15



1 I
I LEGENlD FOR FIGURES

Figure I,. Schematic diagram of isolated perfused heart preparation

(Blood is obtaincd from aorta of support dog and subsequently

I returned to femoral vein. Arrows show direction of blood

f low. Lungs are not ventilated.)

PA . . . . . .pulmonary artery

A. . . . . . .aorta

BC . . . . . .brachiocephalic artery

SRA . . . .right atrium

I RV . . . . . .right ventricle

AZ . . . . . .azygous vein

I SVC ...... superior vcna cava

1VC ...... .inferior vena cava

LVC ........ left ventricular pressure catheter

f CVC ......... coronary drainage catheter

AC ....... aortic pressure catheter

Sc ...... .adjustable screw clamp

SGA ..... .strain gauge arch

TP ...... .temperature probe

WB ...... water bath at controlled temperature

Figure 2. Parameters controlled in isolated heart experiments. Mean blood

I temperature is maintaincd relatively constant in both control and

experimental preparations. Mean aortic pressures of endotoxin-

treated hearts are matched with intact support animal following

1 endotoxin injection ( ± S.E.), and values at 180 minutes and 200

minutes rnatchcd those at 60 minutes and zero time, respectively.

I
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I.

Cardiac output and mean aortic pressure of control isolated heart

preparations arealso matched with endotoxin shock studies by

adjustment of pump and screwv clamp (as show-n in Figure 1).
j Figure 3. Effects of endotoxin (LDgo) on performance and metabolism of

isolated working heart. (Single experiment).

Figure 4. Single, control experiment shooing effects of decreasing cardiac

output and aortic pressure on myocardial performance and metabolis

Mean aortic pressure and cardiac output values wrere adjusted to
... .... equal mean values of shock experiments at -30, 0, 460, +180,

+200 minutes (adjustments were also made at 15 min. intervals).

Figure 5.. Effects of endotoxin (LD90 ) on myocardial performatnce characterist

including dP/dTmax, stroke work, heart rate, power and left ventric
cular.end diastolic pressure (mmi9). (11 ± S.E.; 6 control and 7

jendotoxin experiments). Mean aortic pressure and cardiac output

values of all control heart preparations were adjusted to equal

mean values of endotoxin studies at -30, 0, +60, +180, +200 minutes

(Blood temperature constant).

Figure 6. Effects of ondotoxin (LD90 ) on myocardial he:xodynamics and

metabolism (M ± S.E.; 6 control and 7 endotoxin experiments).

, Mean aortic pressure and cardiac output values of all heart

control and experimental preparations are equal at -30, 0,

+200 minutes, and those at 60 and 180 miiiutes are also equal.

(See Figure 2). (Blood temperature constant).

17



Table 1b. Coronary Arterial and Venous Blood Gas and pH Values (M ±S.E.)'
(7 exper-'mental and 6 control studies)

CONTROL SERIES

I. - Time (Minutes)

Parameter -30 0 +60 4180 +200

I / P02
A 75(6) 66(7) 61(6) 55(4) 55(4)
V 29(2) 28(2) 28(3) 27(2) 29(4)

02 Content
A 15.2(0.9) 14.3(0.9 14.2(0.6) 13.7(0.9) 13.9(1.1

IV 7.5(0.9) 7.6(0.7) 7.2(0.6) 8.0(0.8) 8.8(0.6

PCO 2  A - 31(2) .31(3) 31(3) 28(2) 23(P..
31V 34(3) 36(3) 34(4) 30(2) 26(3),

ICO2 Content
A 39.1(0.9) 40.1(1.3) 38.6(2.0) 34.6(1.2) 33.5(1.4
V 45-8(1.6) 45.4(1.8) 45.0(2.5) 39.4(1.9) 37.8T1.9

pH AZ41.2 .200) 73(.3 .200) 74(.
A 7.39(0.03) 7.42(0.03) 7.37(0.03) 7 .42(0.02) 7.42(0.0



1Table Ia. Coronary Arterial and Venous Blood Gas and P11 Values (M ±S.E.)
(7 experimental and 6 control studies)

I -ENDOTOXIN SERIES

Time (Minutes)

Parameter -30 '0 +60 +180 +200

1P0 2 A 73(4) 70(4) 60(4) 56(5) 61(6)
V23(1) 22(2) 23(2) 27(2) 30(5)

0 2~ Content
A 14.0(1.0) 14.0(0.8) 11.9(2.3) 12.7(l.2) 12.0(1.7
V 6.(09 5.(.0 .-3(1) .-6.8(1.2) 61(.

PCO2  A 30(l) 30(2) 26(l) 26(5) 27(5)

V 37(2) 34(2) 32(1) 31(4) 31(3)

A0 Cotn -39.2(0.9) 38. 3(0.9_)_ 28.5(1_.0) 28.7(2.5) 27.0(2.9

IV 45.6.(0.5) 45.8(0.8) 34.6(.12) 33.9(2.7) 32.3(3.0
PH A -7.40(0.03)- 7.42(0.03)_ .7.34(0.-03) 7.30(0.06) 7.29(0.0

V 7.38(0.03) 7.39(0.03) 7.31(0.03) 7.30(0.05) 7.28(0.0'

CA
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-Endotoxin N=7.
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